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Abstract: This work report the temperature dependence UV-Visible (UV-Vis) 
Spectroscopy, Photoluminescence (PL) spectroscopy, Surface Plasmon Resonance (SPR), 
current change and electrochemical studies of gold nanoparticles (AuNPs). The UV-Vis, 
PL, SPR, current and redox potential of AuNPs strongly depends on temperature. The SPR 
band of AuNPs shows at 534 nm. The PL emission band of AuNPs shows at 421 nm, when 
excited at 350 nm. The UV-Vis of AuNPs was studied between the temperature range 180-
800 C. The PL emission of AuNPs was studied between the temperature range 160-830 C. 
The observed temperature raise effects the red shift along with broadening of SPR band 
and PL emission intensity of AuNPs. The redox potential (verses Ag-AgCl reference 
electrode) of AuNPs was measured by cyclic voltammetry technique between the 
temperature range12o_80o C. The observed redox potential -0.956Volt  at 12oC shifts 
anodically with raising the temperature to -0.904Volt  at 40oC and the redox potential 
remains unchanged at -0.904Volt  up to 80oC. Temperature induced effects on AuNPs 
appeared between the temperature range 38o-45o C and beyond this temperature range no 
significant influence of temperature on SPR, PL emission intensity, current change and 
redox potential were found. The temperature dependent effects may be attributed due to the 
electron-phonon scattering, thermal expansion of AuNPs.  
Keywords: Photoluminescence, Surface plasmon resonance, Redox potential, Cyclic voltammetry.  
 
 
1. Introduction 
The electronic and optical properties of nanoparticles 
are determined by both their size and shape. Metal 
nanoparticles have mainly been studied because of 
their unique optical properties [1-13]. Noble metal 
nanoparticles exhibit unique optical properties such 
as resonant absorption and scattering of light which is 
not found in bulk metals. Collective coherent 
excitations of free electrons in the conduction band, 
also known as surface plasmon resonance are 
responsible for strong absorption and scattering of 
light by the particles [5,9,14].  The noble metal 
nanoparticles have gained much attention recently 
due to a wide range of potential applications in 
surface enhanced Raman scattering, surface enhanced 
fluorescence, bio-chemical imaging, cancer treatment 
and sub wavelength optical waveguides. An influence 
of the temperature on the SPR in metal nanoparticles 
is crucial for pure and applied science of the 
nanoparticles. The temperature and size dependence 
of the SPR is important because of the recent 
applications of noble metal nanoparticles in thermally 
assisted magnetic recording, thermal cancer 
treatment, catalysis and nanostructure growth and 
computer chips [14,15]. Moreover temperature 
dependence of SPR is widely studied for its desirable 
application in thermal sensing. In this paper, we 
report the temperature dependence UV-Vis, PL, SPR, 
current change and electrochemical studies of 
AuNPs. 
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2. Experimental 
2.1 Instruments and Reagents 
      UV-Vis spectra were recorded with double beam 
UV-1800 Shimadzu UV Spectrophotometer. PL 
spectra were recorded with Hitachi F-2500 FL 
Spectrophotometer. Electrochemical experiments 
were performed with Model 600D Series 
Electrochemical Analyzer Workstation CH 
Instruments, Inc. with a conventional three electrode 
system. Temperature control was performed by using 
TCC-240A Shimadzu corporation temperature 
controller device. Temperature dependence current 
change experiment was performed with fabricated 
potentiostat connected with TCC-240A Shimadzu 
temperature controller. Gold (III) chloride hydrate 
(HAuCl4.xH2O) 99.99% metal basis was obtained 
from Aldrich and used as such. The morphology of 
the AuNPs was analyzed using HR-TEM. HR-TEM 
images were obtained by using TEM, JEM-2100, 
200KV, Jeol. 
2.2 Preparation of AuNPs by using Camellia 
Sinensis (Tea) extract 
      The AuNPs was prepared by using Camellia 
Sinensis as published procedure [16]. The average 
size of AuNPs is 13.14 nm. 
3. Result and Discussions 
3.1 Temperature dependence UV-Vis 
Spectroscopy of AuNPs 
 
      From Figure 1a, it is found that red shift along 
with broadening of SPR band at 534 nm is observed 
in AuNPs with increase of temperature from 18o to 
80oC. The exponential decay of absorption intensity 
at 534nm with increase of temperature is shown in 
Figure 1b. The exponential decay of absorption at 
534nm continues up to 45oC and thereafter it remains 
unchanged                               
   
 
Figure 1a 
 
Figure 1b 
 
Figure 1: UV-Vis spectrum of AuNPs with average 
size of 13.14nm in water and temperature 
dependence SPR absorption band at 534nm for 
AuNPs with gradual increase of  temperature from 18 
to 80oC. 
 
The temperature dependence effects such as red shift 
and broadening of SPR band of AuNPs arises due to 
(i) damping parameters such as electron-electron 
scattering due to frequency dependent energy term 
hcᶹ, electron-phonon scattering and electron surface 
scattering.  (ii) dielectric function of the AuNPs  and 
immediate surrounding medium, which arises due to 
intra band transition of AuNPs  and (iii) coefficient of 
thermal expansion of the AuNPs. With increase of 
temperature the separation between AuNPs decreases 
due to the lattice expansion and the dimer nearly 
touch at high temperature. As a result the electric 
field intensity between the gap of the dimer increases 
due to strong inter particle coupling of charges 
[1,14,15,17,18,19]. 
 
3.2 Temperature dependence 
photoluminescence of AuNPs 
 
      Figure 2a shows the PL emission spectra of 
AuNPs in water with gradual increase of temperature 
from 20o to 83oC. The PL emission was observed at 
421nm for excitation at 350nm. The change of 
emission intensity at 421nm with increase in 
temperature is shown in Figure 2b. 
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Figure 2a 
 
 
Figure 2b 
 
Figure 2: PL emission spectrum of AuNPs with 
average size of 13.14nm and temperature dependence 
PL emission intensity at 421nm of AuNPs in water 
with increase of temperature from 20 to 83oC.  
 
The emission intensity of AuNPs increases up to 
38oC and thereafter it remains unchanged. The origin 
of temperature induced PL emission is caused by two 
physical mechanisms: (i) temperature induced 
electron-phonon scattering rate in the AuNPs and (ii) 
thermal expansion of AuNPs with increasing 
temperature. 
      The phonon population in the AuNPs increases 
with raising the temperature leading to an increase in 
the probability of electron-phonon scattering. As a 
result, increased in the electron phonon scattering 
rate with raising temperature would lead to an 
increase in the damping constant γα which in turn 
would decrease the local field enhancement factor 
and correspondingly PL quantum yield of the AuNPs 
[1,14,15,17,18,19].  
       The thermal expansion of AuNPs with raising 
temperature lead to an increase in the radius of the 
AuNPs, which results in decrease in free electron 
scattering rate of the AuNPs surface and surface 
plasmon damping constant. Therefore, the 
temperature induced decrease in the scattering rate of 
free electrons on the AuNPs surface would increase 
enhancement factor of  PL. Thus, electron-phonon 
and free electron scattering rate on the AuNPs 
surface influence the temperature dependence PL 
quantum yield of the AuNPs [1,14,15,17,18,19]. 
3.3 Temperature dependence current change of 
AuNPs 
Figure 3 shows the temperature dependence current 
change of AuNPs in water with gradual increase of  
temperature from 27.6o to 61.6o C at applied 
potential 3.43Volt.  The exponential decay of current 
continues up to 45oC and thereafter it remains 
unchanged. The exponential decay of current with 
increasing temperature arises from the thermal 
expansion of AuNPs. The concentration of free 
electron gas decrease on thermal expansion of AuNPs 
leads to decrease of current [1,14,15,17,18,19]. 
 
 
 
Figure 3: Temperature dependence current change 
for AuNPs with average size 13.14nm in water with 
gradual increase of temperature from 27.6 to 61.6oC 
(at applied potential 3.43Volt). 
 
3.4 Temperature dependence cyclic 
voltammetry of AuNPs 
      Temperature dependence cyclic voltammogram 
of AuNPs in water with gradual increase of 
temperature from 12o to 80oC is shown in Figure 4a. 
The cyclic voltammogram of AuNPs in water at 
12oC shows only a cathodic peak at -0.956 volt at 
scan rate 0.1 volt/second (versus Ag-AgCl reference 
electrode) due to irreversible oxidation of AuNPs to 
Au2O3 according to the redox reaction 
3H2O+2Auo→Au2O3+6H++e-.  
The redox potential -0.956 volt at 12oC shifts 
anodically to -0.904 volt up to 40oC and thereafter it 
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remains unchanged at -0.904Volt up to 80oC (Figure 
4b). 
At lower temperature the redox potential of AuNPs is 
more cathodic (-ve) in comparison with higher 
temperature. At higher temperature AuNPs is easier 
to oxidize to Au3+, which implies that 
electrochemically the net stabilization of AuNPs at 
lower temperature is greater than Au3+ at higher 
temperature. The anodic shift of redox potential in 
AuNPs arises due to thermal expansion of AuNPs. 
The concentration of free electron gas decrease on 
thermal expansion of AuNPs leads to anodic shift of 
the redox potential [1,14,15,17,18,19]. 
 
 
Figure 4a 
 
Figure 4b 
Figure 4: Temperature dependence cyclic 
voltammetry and redox potential of AuNPs with 
average size of 13.14nm in water with gradual 
increase of temperature from 12 to 80oC. Supporting 
electrolyte: 0.1 NaNO3, Scan rate: 0.1Volt/second, 
Working electrode: GCE, Reference electrode: Ag-
AgCl, Auxiliary electrode: Pt. 
4. Conclusion 
The temperature effect on AuNPs appeared from 
thermal expansion as well as surface damping and 
free electronic environment effects. From our 
experimental evidences it were observed that thermal 
expansion of AuNPs effects on the SPR, PL emission 
intensity, current and electrochemical redox potential 
between the temperature range 38o to 45oC. Beyond 
this temperature range no significant influence of 
temperature on SPR, PL emission, current and 
electrochemical redox potential were found. 
Acknowledgments 
The authors gratefully acknowledge technical and 
instrumental supports from the Department of 
Chemistry, Gauhati University, Guwahati-781014, 
Assam, India and Assam Don Bosco University, 
Guwahati-781017, Assam, India. 
 
References 
[1] Link, S, Phys. Chem. B, No.21, pp.4212-4217, 
1991. 
[2] Henglein, A. J. Phys. Chem.,  97, 8457, 1993. 
[3]  Alivisatos, A. P. J. Phys. Chem., 100, 13226, 
1996. 
[4] Schmid, G. Clusters Colloid: From Theory to 
Application; VCH: Weinheim, 1994. 
[5] Kreibig, U.;Vollmer, M. Optical Properties of 
Metal Clusters; Springer: Berlin, 1995. 
[6] Papavassiliou, G. C .Prog. Solid State 
Chem.,12, 185, 1980. 
[7] Perenboom, J. A. A .J.; Wyder, P,; Meier, P. 
Phys. Rep., 78, 173, 1988. 
[8] Hughes, A. E,; Jain, S.C. Adv. Phys., 28, 712, 
1979. 
[9] Kerker, M. The Scattering of Light and other 
Electromagnetic Radiation; Academic Press: 
New York, 1969. 
[10] Bohren, C. F.; Huffman, D. R. Absorption and 
Scattering of Light by Small Particles; Wiley: 
New York, 1983. 
[11] Creighton, J. A.; Eadon, D. G. J. Chem. Soc., 
Faraday trans., 1991, 87, 3881. 
[12] Mulvancy, P. Langmuir, 12, 788,1996. 
[13] Brus, L. E. Appl. Phys. A, 53, 465,1991.  
[14] Yeshchenko, O. A.; Bondarchuk, I. S.; Gurin, 
V. S.; Dmitruk, I. M.; Kotko, A. V.  Surface 
Science, 608, pp.275-281,2013. 
[15] Yeshchenko, O. A,; Dmitruk, I. M.; Alexeenko, 
A. A.; Kotko, A. V.; Verdal, J.; Pinchuk, A. 
O.Ukr. J. Phys.,Vol-57, No.2, 266-270, ISSN 
2071-0194, 2012. 
[16] Boruah, S. K.; Boruah, P. K.; Sarma, P.; Medhi 
,C.; Medhi, O. K. Advanced Materials Letters, 
 
ADBU-Journal of Engineering Technology 
 
Rahman, AJET, ISSN: 2348-7305, Volume 6, Issue1, June, 2017, 00610608(05PP)       
 
 
3, No.6, 481-486, DOI: 
10.5185/amlett.2012.icanano.103, 2012. 
[17] Chiang, H. P.; Chen, C. W.; Wu, J. J.; Li, H. 
L.; Lin, T. Y.; Sanchez,E. J.; Leung,P. T. Thin 
Solid Films, 515, 6953-6961, 2007. 
[18] Maurya, M. R.; Toutam, V. The Journal of 
Physical Chemistry,120, 19361-19321, 2016.           
DOI: 10.1021/acs.jpcc6b05847. 
[19] Yeshchenko, O. A. Ukr. J. Phys, Vol.58, No.3, 
249-259, ISSN 2071-0186., 2013. 
 
Author Profile 
 
 
Christina Sabir Rahman has completed her Bachelor 
of Engineering from NITS Mirza, Gauhati University 
and Master of Technology from Gauhati University, 
Guwahati, Assam, India 
 
 
 
Sontara Konwar Boruah is presently working as 
Assistant Professor(senior) in the Department of 
Chemistry, Assam Don Bosco University, Assam, 
India. She received her Ph.D from Gauhati 
University, Assam, India. Her current research 
interest includes bioinorganic chemistry, nano 
Materials and Biosensor Devices. 
 
 
 
Prabin kumar Boruah is presently working as 
Scientific Officer in the department of Chemistry, 
Gauhati University, Assam, India. He received his  
Ph.D from Gauhati University, Assam, India. His 
current research interest includes bioinorganic 
chemistry, nano Materials and Biosensors Devices 
 
 
 
Arup Borah is presently working as Jr. Technical 
Superintendent at Indian Institute of Information 
Technology (IIITG), Guwahati, persuing AMIE from 
Indian Institute of Engineers, Kolkata. 
 
Sandhya banti dutta Borah is currently persuing her 
Ph.D under Prof.Sunandan Baruah, ECE deparment, 
Assam Don Bosco University. Her research is  blood 
gluocose sensing using nanomaterials. She had done 
her Masters Project work at Asian Institute of 
Technology, Bangkok, Thailand on gold 
nanomaterials for heavy metal ion sensing in 
wastewater. 
 
Prof. Sunandan Baruah is currently serving as the 
Head of the Electronics and Communication 
Engineering Department of Assam Don Bosco 
University, India. Prior to this he held teaching and 
research positions at Angstrom Laboratories, Uppsala 
University, Sweden and the Asian Institute of 
Technology, Thailand. He completed his Bachelor of 
Engineering from Assam Engineering College, 
Guwahati and his Master of Engineering and Doctor 
of Engineering from the Asian Institute of 
Technology, Thailand. His research interest is in the 
development of Nano-materials for different 
applications including sensors, photo-catalysis and 
solar cells. 
 
 
